ABSTRACT Heat stress in hot seasons is a major problem in poultry production, particularly in humid areas. The aim of this study was to determine the pharmacodynamics of betaine on the blood and cecal short chain fatty acid profile in meat-type ducks exposed to heat stress. Three-hundred-sixty meat-type ducks (Anas platyrhynchos domesticus) were randomly allocated into 4 treatments: C (heat stress control without betaine), T1 (700 ppm betaine), T2 (1,000 ppm betaine), and T3 (1,300 ppm betaine). Each treatment had 6 replicated pens with 15 meat-type ducks per pen. The study was conducted for 42 days. Our findings revealed that the betaine group had higher body weight gain compared to the control group under heat stress (P < 0.05). Betaine supplementation resulted in more significant improvement in hematological indicators such as RBCs and platelet counts than the heat stress control group (P < 0.05). Under the heat-wave environment, supplementation of betaine manifested a significant decrease in blood pH (P < 0.05) but not in electrolytes (Na+, K+ and Cl−) and gas concentration. The concentration of short chain fatty acids (SCFA) in the cecum was higher than the control under heat stress conditions. The total SCFA, acetic acid, and propionic acid production was higher in the betaine supplemented groups compared to the heat stress control group (P < 0.05). Results showed that betaine supplementation has beneficial effects in meat-type ducks under heat stress on short chain fatty acid levels, blood biochemical parameters, and body weight.
INTRODUCTION
Heat stress is one of the most important environmental stressors challenging poultry production worldwide (Lara and Rostagno, 2013) . Heat stress with high relative humidity in hot seasons activates the stress mechanism of animal bodies (Habibu et al., 2014) , resulting in adverse effects on the production of livestock as well as animal wellbeing (Gaughan et al., 2013) .
Poultry are more sensitive to heat stress because their body temperature is higher than that of mammals, their skin lacks sweat glands, and their bodies are covered with feathers (Lan et al., 2004; Lara and Rostagno, 2013) . Due to these biological characteristics, exposure to heat stress causes reduction in diet intake, diet efficiency, and weight gain (Del et al., 2014) , resulting in enormous economic loss in the poultry industry (Zeng et al., 2014) . When domestic poultry (including ducks) are exposed to heat stress, their hematological index decreases (Tamzil et al., 2014) . Hematology is important for the assessment of animal health and nutritional state (Gupta et al., 2007) , as hematological indicators are sensitive to stress reaction in poultry (Rajalekshmi C et al., 2014) , and act as general biomarkers for immune function (Habibu et al., 2014) . Heat stress is associated with a rise in body temperature, blood pH, and panting in poultry (Borges et al., 2004) . Increased water ingestion during heat stress results in hemodilution, thus decreasing the concentration of lipid levels, pCO2 and HCO3, as well as electrolytes (Na+, K+, and Cl−) in the blood (Borges et al., 2007; He et al., 2015) .
Betaine, a trimethyl derivative of the amino acid glycine, is a bipolar compound that has 3 hydrophobic methyl groups (CH3) and a hydrophilic carboxyl group (COOH). It acts as a donor of methyl groups like choline and methionine (Mahmoudnia and Madani, 2012) . The methyl groups supplied by betaine are used for transmethylation reactions for various metabolic processes like synthesis of proteins, energy metabolism, and the synthesis of carnitine and creatine (Ratriyanto et al., 2009) . The use of betaine is increasing because it has been found to reduce high temperature stress and improve growth performance in animals (Eklund et al., 2005; Sayed and Downing, 2011) . When animals are exposed to high temperature stress, betaine adjusts the osmotic pressure to prevent dehydration, preserve water in cells, and assist digestibility and growth performance (Attia et al., 2005; Eklund et al., 2006) . Furthermore, it has been found to save energy used in the sodium-potassium pump (Na+/K+ pump) at high temperatures, and allows this energy to be used for growth (Remus, 2001) . Betaine also helps in expansion of the intestinal mucosa, which improves the absorption and utilization of nutrients (Mahmoudnia and Madani, 2012) . There are conflicting study results that the supply of 800 to 1,000 ppm of betaine to broiler diets under heat stress and the supply of betaine in drinking water at 0.05 to 0.1% led to weight gain, whereas the supply of betaine to drinking water at 0.10 to 0.20% resulted in weight loss (Konca et al., 2008; Ratriyanto et al., 2009; Mahmoudnia and Madani, 2012) . In a general environment, the addition of 0.5% betaine to duck feed has been shown to result in weight gain and a decrease of feed conversion ratio (Wang et al., 2004; Sayed and Downing, 2011) . It also has been reported that the addition of 1.5% betaine to laying ducks in summer improved the laying performance (Awad et al., 2014) . However, there are few study results about meat-type ducks exposed to heat stress in hot seasons. Short chain fatty acids (SCFA) such as acetic acid and propionic acid, which are beneficial to host bacteria in poultry, improve the intestinal environment so that the beneficial bacteria lactobacillus and bifidobacterium can inhabit sufficiently in the cecum, and can inhibit the intestinal colonization by harmful bacteria . Heat stress worsens stress by lowering the beneficial microorganisms and SCFA of broilers, thus increasing the proliferation of harmful microorganisms . Previous study results showed reduction of E. coli, coliform, and total aerobic bacteria in broilers exposed to high temperatures (Park et al., 2015) . The increase in Lactobacillus, which is known to vitalize animals' intestinal functions, seems to be related to the reduction of E. coli, coliform, and total aerobic bacteria (Devaraj et al., 2002) . The Lactobacillus secretes bacteriocin, which suppresses harmful germs. It also generates SCFA, which make the environment within the intestines more favorable for beneficial germs (Gong et al., 2002; Xu et al., 2002) . It has been suggested that increased organic acids, which are beneficial for the cecal environment, improve lymphoid organ weight (Alejandra et al., 2009 ). Knowledge about the effects of betaine on short chain fatty acid levels and blood profile in ducks exposed to heat stress is limited. Therefore, this study was conducted to investigate the pharmacodynamic mechanism of betaine on biological functions of ducks under heat stress. The results of this experiment are expected to provide fundamental knowledge about the productivity of ducks in a heat stress environment during summer.
MATERIALS AND METHODS

Experimental Design
On the d of hatching, 360 heads of meat-type ducks (Anas platyrhynchos domesticus) were received from a hatchery in Yangpyeong, Gyeonggido (Republic of Korea). These were randomly categorized into 4 treatment groups having 6 replicated pens/group (15 ducks per pen) and were raised for 42 days. The following groups were made: C (heat stress control without betaine), T1 (700 ppm betaine), T2 (1,000 ppm betaine), and T3 (1,300 ppm betaine). Betaine was purchased from Excentials, Netherlands (coated 97%, Beta-key, Netherlands).
Experimental Diets and Feeding Management
Experimental diets were manufactured to meet or slightly exceed the required amount of nutrients for meat-type ducks as mentioned by NRC (NRC., 1994) . During the starter period (d one to 21), the ducks were allowed to freely have drinking water and diets in continuous lighting 24 h a d under ordinary conditions 26 to 33
• C. During the finishing period (d 22 to 42), the experimental diets were supplied together with the application of a heat wave. For generating heat stress conditions, a heat wave was applied (11:00 to 17:00, 33 to 43
• C, relative humidity 70%), followed by maintaining the temperature between 22 and 26
• C from 17:00 to 11:00, and relative humidity 50%; this cycle was repeated from d 22 to d 42. During the entire experimental period, diets and drinking water were supplied ad libitum to all treatment groups. For straw litter, the floor of each pen was covered with rice hulls up to 10 cm in height. The temperature of the breeding room was maintained at 33
• C from d one to d 7, and then was lowered by 2 to 3
• C each wk until d 21. Every experimental procedure involving animals followed the scientific and ethical regulations provided in EEC Directive of 1986; 86/609/EEC and received approval from the Animal Experiment Ethics Committee of Kangwon University (KW-141027-1).
Blood Sampling
At the end of experiment, 6 ducks per pen with body weight close to the pen average were randomly selected. Whole blood samples were drawn from wing veins. Three mL of blood were collected in plain tubes (Greine Co Ltd, Monroe, NC) and centrifuged at 3,000 × g for 20 min at 4
• C. Serum samples were separated, quickly frozen in liquid nitrogen, and preserved at −20
• C until further biochemical analyses.
Hematological Indicators, Electrolytes, and Blood Gas RBC counts, hematocrit (HCT), hemoglobin (HGB), mean corpuscular volume (MCV), mean corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW), platelet count (PLT), plateletcrit (PCT), and mean platelet volume (MPV) were measured with an automated blood cell counter and analyzer (Forcyte, Oxford Science, Oxford, CT). Blood electrolytes (VetScani-STAT 1 Handheld Analyzer, Abaxis, Union city, CA) and blood gas (RAPIDChem 744/754 Blood Gas Analyzers, Siemens, Malvern, PA) also were measured.
Short Chain Fatty Acids
The ducks whose weights were close to the pen average were selected from each replicated pen. These were sacrificed humanely by cervical dislocation, according to the euthanasia recommendation for laboratory animals (Awad et al., 2014) . Their ceca were sampled to measure the SCFA using a gas chromatographic system (Model GC-15A, Shimadzu Corp., Kyoto, Japan). Briefly, 200 mg of the cecal content was inserted in a screw cap tube and mixed with 2 mL of distilled water. This was homogenized and centrifuged at 10,000 × g for 10 min at 4
• C. About one mL of the supernatant was aliquoted into another ampule and acidified by adding 0.2 mL of 25% H3PO4 solution. The samples were then centrifuged at 10,000 × g for 10 min at 4
• C, before injection into gas chromatography (GC).
The GC was equipped with a column (Supelco, Inc., Belleponte, PA) filled with 10% SP-1000 and a flame ionization detector. The 1.0 μL of samples was injected in a gas chromatograph. The initial temperatures of the oven, injector, and flame-ionization-detector were 100, 240, and 250
• C, respectively. The column was operated at 100 to 150
• C, along with highly purified N 2 (1.8 mL/min) as a carrier gas (Park and Park, 2014) .
Statistical Analyses
An analyses of variance (one-way ANOVA) was performed using the GLM procedure of the SAS program version 9.2 (SAS, 2008) . Orthogonal polynomial contrast coefficients were produced by the IML procedure of SAS. The Tukey's test was used for multiple comparisons. The statistical significance level was set at 0.05. The least squares mean and standard error of the mean (SEM) were presented unless otherwise indicated.
RESULTS
Animal Performance and Hematological Indicators
The effect of dietary betaine on body weight gain, feed intake, and feed conversion ratio (FCR) of the experiment is presented in Table 2 . Body weight gain and feed intake of the betaine addition groups (T1, T2, and T3) were significantly higher groups compared to C (P < 0.05). The betaine addition groups had significantly lower FCR than C. However, there were no significant differences among the betaine supplemented groups. This result shows that betaine supplementation can improve growth performance reduced by heat stress in hot seasons. As a methyl group donator, betaine is effective 1 Dietary treatments were: C: control (heat stress control without betaine), T1: 700 ppm betaine, T2: 1,000 ppm betaine, and T3: 1,300 ppm betaine.
2 Mineral mix supplied per kilogram diet: Mn, 110,000 mg; Zn, 100,000 mg; Fe, 40,000 mg; Se, 300 mg; Cu, 5,000 mg; I, 1,250 mg; Co, 250 mg.
3 Vitamin mix supplied per kilogram diet: vitamin A, 10,000,000 IU; vitamin D 3, 5,000,000 IU; vitamin E, 20,000 IU; vitamin K, 3,000 mg; vitamin B 1 , 2,000 mg; vitamin B 2 , 6,000 mg; vitamin B 6 , 3,000 mg; vitamin B 12 , 16,000 mg; pantothenic acid, 13,000 mg; folic acid, 1,500 mg; niacin, 50,000 mg; biotin, 100 mg. in osmotic pressure control in animals showing dehydration due to heat stress (Klasing et al., 2002) . There were conflicting reports that the betaine content of 800 to 1,000 ppm in broiler diets and 0.05 to 0.1% in drinking water under heat stress increased the weight, whereas 0.10 to 0.20% of betaine in drinking water decreased the weight under heat stress. However, there are few study results on ducks under heat stress (Ratriyanto et al, 2009; Mahmoudnia and Madani, 2012) . The effects of betaine on the hematological indicators are shown in Table 3 . The hematological indicators measured in RBCs and platelets after the addition of betaine were significantly higher than the heat stress control group (P < 0.05). For RBCs, the betaine addition groups had higher RBC when compared to the control, but there were no significant differences among the betaine supplemented groups. In the case of HCT, betaine addition exhibited higher values by 36%, in the order T1, T2, and T3, when compared to C. Betaine supplemented groups showed higher HGB values by 21.98% compared to C, whereas no significant differences were found among the betaine additional groups. MCV, MCHC, RDW, PLT, and MPV show that the betaine addition groups significantly changed these parameters compared to the control, but no significant differences were found among the betaine supplemented groups. These findings are similar with Aengwanich (2007) , who reported decreased hematological indicators of broilers exposed to high temperature stress (Aengwanich, 2007) . These results indicate that the addition of betaine in the diets for ducks exposed to a heat wave can maintain certain levels of hematological indicators, thereby relieving heat stress damages. The decrease of HCT in ducks exposed to a heat wave was associated with the dilution of blood cells (including leukocytes) due to the damage of erythrocytes, the reduced production of erythrocytes, or the reduction of the number and size of erythrocytes (Hilman et al., 2000) , and also due to the increased water consumption while the ducks were exposed to heat stress. The higher values of hematological indicators in the ducks fed a betaine diet than those of the heat wave control group fed a conventional diet suggested that betaine may contribute to methione biosysthesis and osmotic pressure control (Klasing et al., 2002; Mahmoudnia and Madani, 2012) . It is suggested that most of the effects observed may be directly or indirectly related to methionine biosynthesis. The decrease of erythrocytes causes hemorrhagic anemia and hemolytic anemia, whereas the decrease of hemoglobin causes microcythemia. Hematocrit has an immense correlation with the volume of packed red cells; thus, when the mean hematocrit decreases, the levels of hematoglobin and hemoglobin become lower. The MCHC represents the absolute value of the mean hemoglobin concentration, and a low value of MCHC is associated with iron deficiency anemia (Hilman et al., 2000; Türkyilmaz, 2008) . Heat stress in poultry is associated with hemodilution, which is an adaptive reaction that enables water loss even with no change in plasma volume, comprising water evaporation that comes out from inside the cells, thus lowering HCT and HGB (Borges et al., 2004 ).
Blood Electrolyte Profile
Effects of betaine on pH and blood electrolytes in meat-type ducks exposed to heat stress are presented in Table 4 . For pH, the betaine addition groups showed a significantly lower value compared to C (P < 0.05), whereas the values of betaine addition groups were similar to each other. Blood electrolyte levels of the heat stress control group were the lowest among the treatment groups (P < 0.05). The concentration of Na+, K+ and Cl-levels in the betaine addition groups were significantly higher than the heat stress control group. There were no significant differences in Na+, K+ and Cl-in the blood of the T1, T2, and T3 groups. These findings suggest that the supply of betaine to ducks under heat stress can reduce the heat stress by maintaining constant blood electrolyte levels, thus controlling osmotic pressure. Betaine is stimulated by external osmotic concentrations and is accumulated in macrophages and renal cells. Thirty to 60% of the energy used in intestinal organs is related to the sodiumpotassium ATP pump, which maintains the water balance in cells and plays a key role in the absence of osmotic materials such as betaine (Remus, 2001 ). The 1 Dietary treatments were: C: control (heat stress control without betaine), T1: 700 ppm betaine, T2: 1,000 ppm betaine, and T3: 1,300 ppm betaine. n = 6. results of the control (heat wave control group) coincide with the reports that Na+, K+, and Cl-levels decrease as a result of heat stress in poultry and buffaloes (Borges et al., 2004; Kumar et al., 2010) . Poultry under heat stress show open mouth breathing cycles with repetitive panting, leading to the painful condition of respiratory alkalosis. In a high temperature environment, poultry radiate heat by evaporating water from inside their respiratory organs through open mouth breathing, which increases the carbon dioxide discharge from the blood and raises blood pH, thereby causing respiratory alkalosis. Respiratory alkalosis increases the loss of K+ in urine by reducing competition between H+ and K+ for urination. Thus, when the blood electrolyte balance is destroyed in this way, it can decrease feed intake and lower the productivity of poultry (Borges et al., 2004 (Borges et al., , 2007 . The rise in body temperature during acute heat stress decreases the Na level, and the change of cell membrane osmosis leads to hemodilution, which causes K+ to come out of the tissues to the blood. When the relocation phenomenon of K+ weakens after heat stress, the excess amount of K+ is excreted and the K+ level is restored to normal or a lower level. The decrease of Cl-in blood is believed to be due to the need for more Cl-in body fluids to compensate for the acidic reaction and to normalize the blood pH when it has increased due to respiratory alkalosis by heat stress (Borges et al., 2004) . This decrease in blood electrolytes is caused by the increased loss of electrolytes through urine and perspiration, to relieve heat stress (Kumar et al., 2010 ).
Blood Gas
The effects of betaine on blood gas concentration in meat-type ducks exposed to heat stress are shown in Table 5 . The betaine addition groups showed significantly higher values compared to the heat stress control group (P < 0.05). The concentration of PCO 2 and PO 2 in the betaine addition groups was significantly higher compared to the control. For concentration of BEecf, the betaine addition groups showed lower than the control group (P < 0.05). However there were no significant differences among the betaine supplemented groups. The betaine addition groups showed higher HCO 3 and TCO 2 when compared to the control. These results suggest that the addition of betaine in duck diets relieves heat stress by maintaining constant blood gas concentrations. It has been reported that heat stress lowers the PCO 2 level in blood; the maintenance of the PCO 2 level in blood during heat stress is essential because poultry continuously exhale CO 2 through the panting process via the respiratory system (Borges et al., 2004 ).
Short Chain Fatty Acid Profile of Ceca
The concentrations of SCFA levels measured in the ceca of meat-type ducks exposed to heat stress are presented in Table 6 . Acetic acid and propionic acid levels in the betaine addition groups were significantly higher compared to the heat stress control group, whereas their butyric acid, isobutyric acid, valeric acid, and isovaleric acid levels were significantly lower (P < 0.05). The concentrations of total SCFA significantly (P < 0.05) 1 Dietary treatments were: C: control (heat stress control without betaine), T1: 700 ppm betaine, T2: 1,000 ppm betaine, and T3: 1,300 ppm betaine. n = 6.
increased in the betaine groups, but there were no significant differences among the betaine supplemented groups. These results show that the change of SCFA profiles in the ceca of the betaine addition groups may be an important indicator of improved immunocompetence (Klasing et al., 2002; Xu et al., 2002) in order to relieve heat stress through the adjustment of intestinal microorganism environment in animals (Rastall and Gibson, 2006) . Several studies reported that the levels of SCFA such as acetic acid and propionic acid became lower, and the lactic acid bacteria decreased in the broilers exposed to heat stress , indicating that maintaining a healthy gut microbial community is important to relieve heat stress.
DISCUSSION
Results of the study showed that the addition of betaine in the diet had beneficial effects on BW, FI, FCR, and SCFA in meat-type ducks under heat stress conditions compared to the control without betaine, whereas there were no significant differences among the betaine supplemented groups. Our results were also consistent with those of others (World poultry, 2002; Eklund et al, 2005; He et al, 2015) showing improved performance associated with inclusion of betaine under heat stress. In conclusion, our results suggest that supplementation of betaine at 700 ppm in the diet to meat-type ducks under heat stress improves economic efficiency, and the heat stress relieving effects of betaine appear to be through maintaining blood biochemical parameters and a healthy gut environment in meat-type ducks.
